REMARKS 

In view of the above amendments and the following remarks, reconsideration and further 
examination are requested. 

The specification and abstract have been reviewed and revised to make a number of editorial 
revisions. Due to the number of changes involved, a substitute specification and abstract have been 
prepared and are submitted herewith. No new matter has been added. Enclosed is a marked-up copy 
of the original specification and abstract labeled " Version with Markings to Show Changes Made " 
indicating the changes incorporated into the substitute specification and abstract. 

Claims 1, 3, 4 and 5 have been rejected under 35 U.S.C. §103(a) as being unpatentable over 
Hofstetter (US 5,437,242). Claims 2 and 6 have been rejected under 35 U.S.C. §103(a) as being 
unpatentable over Hofstetter in view of FuerhofF (US 5,882,402). Claims 1-6 have been cancelled 
and are replaced with new claims 7-14. These rejections are submitted to be inapplicable to the new 
claims for at least the following reasons. 

Claim 7 is patentable over the Hofstetter, relied upon by the Examiner, since claim 7 recites 
an apparatus having, in part, level position controlling means for controlling a level position of a 
crucible via a lifting device, wherein the level position controlling means controls the level position 
of the crucible based on an ascent speed adjusted by an adjustment value when certain criteria are 
satisfied and the level position controlling means controls the level position of the crucible based on 
just the ascent speed when the certain criteria are not satisfied. Hofstetter fails to disclose or suggest 
level position controlling means as recited in claim 7. 

Hofstetter discloses an apparatus for controlling a melt level when pulling a single crystal. 
The apparatus includes an image-processing device 7 that determines an actual distance between a 
cover 5 and a surface of melt 2 by observing the reflection of the cover 5 on the surface of the melt 
2 via a camera 1 . The image-processing device 7 outputs an actual signal X to a control device 8 
which compares the actual signal X to a predefined set point signal Y, which is proportional to the 
desired distance, and if a deviation is observed, the control device 8 outputs a control signal Z to 
adjust the height of a crucible 11, 12. (See column 5, line 25 - column 6, line 35.) Based on the 
above description, it is apparent that the control device 8 only controls the crucible level based on an 
actual level position measurement result. Further, the Examiner admits that Hofstetter fails to 



disclose that control device 8 relies on a decrease in the volume of melt in controlling the crucible 
level. 

However, the Examiner has indicated that it would be obvious to one of ordinary skill in the 
art that melt level is directly related to the volume of melt and that it is inherent in Hofstetter that the 
control device 8 controls the crucible level by calculating a decrease in the volume of melt and that 
it would have been obvious to one of ordinary skill in the art to maintain the level of melt. The 
Applicants strongly disagree with the Examiner's rationale. While it may be important to maintain 
a constant level of melt, the apparatus in Hofstetter strictly relies on observing the reflection of the 
cover 5 on the surface of the melt 2 to control the crucible level with the control device. Hofstetter 
fails to disclose or suggest that the control device 8 uses the volume of the melt to control the 
crucible level. Further, the Examiner's indication that it would be inherent to control the crucible 
level in this fashion because it is obvious is not accurate, since the control device utilizes the actual 
level position measurement result determined based on the reflection of the cover 5 . Therefore, 
Hofstetter does not contemplate the control device 8 using the volume of the melt to control the 
crucible level. As a result, the Examiner's indication that it is inherent that the control device 8 uses 
the volume of the melt to control the crucible level is improper and contrary to what is actually 
disclosed in Hofstetter. 

Further, it is apparent that the control device 8 does not control the height of the crucible 1 1, 
12 based on an ascent speed adjusted by an adjustment value when certain criteria are satisfied and 
controls the level position of said crucible based on just the ascent speed when the certain criteria are 
not satisfied. As a result, Hofstetter fails to disclose or suggest the invention as recited in claim 7. 

Further, in section 3 of the Office Action, the Examiner contends that Fuerhoff discloses a 
control unit that adjusts the rotation, pull, and/or heating parameters to maintain a constant diameter 
of a crystal. However, even if the Examiner contention is accurate, Fuerhoff fails to disclose or 
suggest level position controlling means for controlling a level position of a crucible via a lifting 
device, wherein the level position controlling means controls the level position of the crucible based 
on an ascent speed adjusted by an adjustment value when certain criteria are satisfied and the level 
position controlling means controls the level position of the crucible based on just the ascent speed 
when the certain criteria are not satisfied, as recited in claim 7. 



• 



Because of the above mentioned distinctions, it is believed clear that claims 7-14 are allowable 
over the references relied upon by the Examiner. Furthermore, it is submitted that the distinctions 
are such that a person having ordinary skill in the art at the time of invention would not have been 
motivated to make any combination of the references of record in such a manner as to result in, or 
otherwise render obvious, the present invention as recited in claims 7-14. Therefore, it is submitted 
that claims 7-14 are clearly allowable over the prior art of record. 

In view of the above amendments and remarks, it is submitted that the present application is 
now in condition for allowance. The Examiner is invited to contact the undersigned by telephone if 
it is felt that there are issues remaining which must be resolved before allowance of the application. 



DMO/jmj 

Washington, D.C. 20006-1021 
Telephone (202) 721-8200 
Facsimile (202) 721-8250 
July 30, 2002 



Respectfully submitted, 



Keiichi TAKANASHI et al. 




Registration No. 45,386 
Attorney for Applicants 
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APPARATUS FOR PULLING A SINGLE CRYSTAL ^CMNOLOGY CENTER 



BACKGROUND OF THE INVENTION 

i i ! 



1 . Field of the Invention 



joootj'nie UiJ ^- tio " rclaKi fer pull T a single "** 

L» particularly. .1, an apparatus Wpulling a single crystal used for puUing a single 
of Isiiicon oi the like from a mel, of a material for forming a crystal by a pulhng 
'methok such as ! the' Czochralski method (hereinafter, referred to as the CZ method). 



I i I 

used for manufacturing a 



2. Description of the Relevant Art , : : j 
[0002] At present, the majority of 'silicon single crystals 
substrate for forming a circuit consent of a LSI j (large scale integrated circuit) and 
the like have been 1 pulled by the CZ method, ikg. 3 is a diagrammatic sectional view of 
a convention^ apparatus for pulling |a jingle cWstal used for th'e CZ method, -and in the 
F figurc, reference numeral 21 represents a crucible. 



,0003] The crucib.c 21 comprises a bottomed cylindrical quarti end* !2.a and a 
bottomid cylindrical graphite crucible; 21b fitted on me outer jide of the quaitz crucible 
2ta ''Tic crucible 21 is supported Uuh -W ^.hich routes in the directton 

shown by! arrow A in figure at a prescribed speed. A heater 22 of a resistance 
hearing^ aid a heat insulating mold 27 arranged around- me heater 22 are 
concentrically arranged around thecrucible 21. The crucible 21 is charged |wi,h a melt 
23-0, a materiJ for forming a crystal which is melted byjthj heater 22. On the central 

i . 1 ' 1 ii- uAft ni^Hp. Af a nullinff rod or wire is suspended, 

axis of tne crucible 21 , a pulling shaft 24 made ot a pumng ru 

1 by a holder 24a. These members are 



and at 1 the front thereof, a seed crystal 35 is held 

. ■ r ■ I . I ' It! I 



arranged Uthii a water cooled ! type [ apparatus body 29j wherein pressure can be 

i i f 

controlled. 



[0004] A window 29a is formed; in tfre middle portion 



in 



the height direction of the 

i 



appan*us body 29. W the window 29a! in a slanting diction, a one-dimensional 
CCD camera 11 is arranged in such aposition that a single crystal 36during pulling can 
he seen through the window 29a. and the one-dimensional CCD camera 1 1 is connected 
to a diameter measuring means 8 of the. single crystal 36. Trie diameter measunng 
ieans 8 is connected to a cmcible ascent speed; calculating m«uis 9, which captures an 
input value of the pulled single crystal^ from the diameter measuring means 8 and 



information -on ;the 

j 4 I + I 

I ! 



pulled length from: a: pulling m^ans 5 of the pulling shaft 24 to 
[Late a iUasl in volume of ^melt' within the crucible 21, so as to calculate an 
ascentspeei of the! crucible 21 based i>n the decrease in the melt volume. | , 

itOOOsi A m«hod for pulling a smglexrystal 36 using ithe above apparatus for pulling a 
! single crysiai is described^ reference to F.gs. 3j and 4, Figs. 4(aH(d, are partial 
1 barged font views diagrammancally showing a sefi crystal aid the vicinity.thereof in 
| part of the steps in pulling a single crystal. 



i 1 



I [0006] Although it is not shown W Fit* 4, the pressure within j*e apparatus body 29 » 
' reducedi Lid an iier. S as is introduced into the apparatus body ,29 so as to make an inert 
gas atmosphere under reduced pressure triereih. Then, the material^ forming a crystal 
is milted by the Later 22 and is maintained for a' period of time so as to sufficiently 

release gas contained in the melt 23 . 




[00073 'wlile 1 the pulling shaft'24 is rotated jn the|same axis in the reverse direction of 
the 1 su^oli sU 28 at a prescribed ±& the seei crystal 3 5| held by me holder 24a is 

; ■■!! !i 1 I .: .: , . t._.^u. Uj„,w«.J with the melt 23. After the front portion of 

i 1 1 

single crystal 36 begins to be 



ouUed from the melt (the seeding 

* < i ! I 



the support shaft 1 28 at a prescribed speed, the seed crystal 
causedltojaescerid : and is brought miojcontact with the melt 
the seed crystal 35 is partially melted info the melt 23, the 

step) (Fig. ]4(a)). 

i ! 
i » 
I 

lodosl L taking a crystal growLt me ton. of me seed crystal 35. the pulling shaft 24 
' is pulled' a. a higher speed than the' below-described formation speed of a main body 36c. 
' and me crystal 'is narrowed to have a ,rescrib«. diameter, leading to me formation of a 

. . : ■ ! i i i ■ ; ■, 



neck 36a (the necking step) (Fig. 4(b)). 




Jo009] By slewing |down the pulling speed of the palling shaft 24 (hereinafter, simply 
referred to as : the pulling speed), the neck 36a is made to grow to have a prescribed 



diameter, leading to the formation of a shouldei: 36b (the shoulder formation step) (Fig. 




[0010] By pulling 



the pulling shaft ,24 at a fixed rate, the main body 36c having a 
uniform diameter and a prescribed length is formed (Ihe main body formation step) (Fig. 

4(d)). ' , : 



i I 1 



1 [0011] Furthermore, although it is nbt shovm in Figj 4, in order to prevent induction of 
I high densityi dislocation to the single crystal 36 by a steep temperature gradient at the 
! end, the diameter of the single crystal 36 is gradually decreased and the temperature of 
| the whole! single crystal 36 is gradually lowered, leading jto «he formation of an 
end-cone. Then, the single crystal 36; is separated jfrom the melt;23. After the above 
steps; coolmgithe single crystal 36 leads io the completion of pulling the single crystal 
I ■■ i i 

■36. ■ r '■> 



1 I 



[0012] hi puUing the single crystal 36. ! in order to obtain a good quality single crystal 36, 
it is necessary to drive the support! shaft; 28 using a motor 10 for crucible elevating to 
move »y the crucible 2$U»to control' the position of the crucible 21 so that the melt 
surface' iJ always' kept in a fixed ppsit^^ater 22. In the crucible ascent control, 
a methodlwherein the amount of ascent of the crucible 21 is (Calculated by calculating a 
decrease Li volume of the melt 23 frorn the ! volurAe of the pulled single crystal 36 has 

■ ■ I ' i : - : 



been generally used. 

[0013] Since the amount of ascent of the crucible 21 is calculated by calculating the 
decrease'in volume of the melt 23 from the volumk of the pulled single crystal 36 in the 
above' crucible ascent control, the accjrate Volume of the pulled single crystal 36 need 



* I 



I 



ti, be obtained, in addition, in order to calculate the; accurate amount of the crucible 
iscent froni the decrease in volume of the melt 23, th6 accurate internal diameter of the 
crucible is required. However, in actual pulls! errors are i|troduc,ed to the j crucible 
ascent control by errors in measuring; crystal Jeight jand crystal diameters, changes m 
the internal diameter of the quartz crucible^la due to softening thereof during pulling, 
and changes!* the internal diameter! of the quartz crucible, 21a between batches 
originating 'in variations in manufacturing th|e quartz cruciblj; 21a. Therefore, it is 
necessary 'to i actually measure to control the ;level position during pulling the single 

; ! ' I I | I 

crystal 36J \ \ 



[0014] In order to j solve the above problems, a| method for measuring the leveil position 
has been 1 disclosed in Japanese Kokai No.! 63-281022. In the njethod for measuring the 
level position, thellevel position is calculated from the position.of the mirror image of a 
radiation screen reflected in the melt; surface. The method makes it possible to measure 
the level position during crystal pulling, 



[0015] Similar// lo the method disclosed in the above publication, a method wherein the 
level position is 'controlled based oV the mirror image position j>f a radiation screen 
reflected in the melt surface has been disclosed in Japanese Kokai No. 07-277879. In 
the method! by moving a crucible up Lnd down so that the mijror image position of the 
radiation screen is kept fixed, the level position is controlled so as to be kept;fi X ed. 



I ! 



[0016] however, inft^ methods, jtfej inclination of the meltjsurface in which the 
mirronimage of! the radiation screen! is reflected Causes a change of the mirror image 
position iveri when the level position; does not actually clujnge, leading to trie erroneous 
recognition and 1 control of the level position. Factors of the inclination |of the melt 
surface! ire binges in crystal Idiameter and cianges in crucible rotational speed. 



i * 



Therefore! errJrs arise with : changes ! in crystal diameter and changes! in crucible 
rotational 1 sp J when the level position isjcontroUed based onlonly the mirror image 

* ■ j " | .'Mr' 11 

position of the radiation screen. ; , \ f ♦ 



ioOllV Particularly, the shoulder formation step ^herein th|e crystal diameter is 
increased to a desired diameter from the seed crystal is a problem. In the shoulder 
formation! step, the 1 inclination of the melt surface increases wit^increase in crystal 
diameter. We'refori, when the level position control by which the mirror image position 
of the radiation screen is kept fixed is conducted iri the shoulder formation step, the 
'actual level positions before and after the shoulder formation step become different. 

i , 

I : ; ; 

diameter in the main body 
i s conducted based on only 

I i 

; surface, the occurrence of 



[0018] The 

• i * ' ' m ' ' ' 

formation; step J In 

i ■ i.i i 



i 

same errors are also caused by changes in crystal 
addition, when the 1 level position control 



the mirror' image position of the radiation jscreen on the mel 



irregularity, in measuring the level position 

. I . j I ; ; I ; : ! ' 

ascent/descent control of the crucible 21. 

1 i'i 



I i 



■ i 



makes it impossible to carry out the 



summary; of the invention 



[0019] the present invention was accomplished in| order to solve |the above problems, 
and it is an object of the present invention to| provide an apparatus for pulling a single 
crystal, wherein L flow of an inert gas to a single crystal to be grown, pressure in an 
apparatus body, ind a temperature environment are always ke^t constant by keeping the 
melt level at a prescribed position in spite of chajiges in volume of a quartz crucible 
between: batcheS ! and thermal deformation of the quartz crucible;, so that high quality 

i ' 1 1 [ ■■"!■' 

single crystals can be pulled. 



[0020] In order to achieve the above object, an apparatus for pulling a single crystal (1 ) 
according to the present invention is- c huiu au iEcd by h H n C jan apparatus for pulling a 
single Crystal Jhich has a lifting means of a crumble and a| level position 1 controUing 
means to control the level position^ the crucible by calculating a crucible ascent speed 

. .: , I I . ' , I ■ i _ _ ^' *U** 



based on a decrease in volume of a melt with pullmg a single crystal so as to control the 
lifting means/^mps^VreferenceJ reflector arranged inside an apparatus body, a 

i i i ' ■ * I 



i, 



level position measuring means to measure an actual level position by detecting a mirror 
image position of the reference reflector reflected in the melt sjarface using an optical 
device arranged outside the apparatus^ body, ajcrucible ascent jpeed adjustment value 
calculating means to calculate an adjustment value of the crucible ascent speed .based on 
In output! Urn me level position measuring means, an adjustment value adding means 
to add the adjustment value to tie' crucible ascent .speek and j the tovelj position 
controlling 1 means lo control the level p'osition in the crucible by controlling the lifting 

means based on ail output from the lakjustment value| adding means so as to control the 

. • iii' i ! ■ * • i i : 1 

j | | j : I j : 1 

crucible ascent speed. 



1 ' 



B4u 



[002l] A ^ing the above apparatus for pulling 



a single crystal (1), having the; reference 



reflector^ the level position measuring means, the 

' ; ■ i ! | ! | ' ' ' i.t'' 

value calculating 



ii 

crucible ascent speed adjustment 

j ' i 

mean s and the adjustment lvalue adding means; the crucible ascent 
sp 7ed is continued by controlling We lifting means based on the output from the 
adjus^em 1 value 'adding means by the level pjosition controlling means, while the level 
position in' the crucible is controlled iy calcu'latingj the crukible ascent speed based on 
the decrease In volume of the melt with sifgle crystal pulling to control; the lifting 
me ans by 'the level position contrLiling means. Therefore even if the quartz crucible 
softens 'about J rrielting point of 'silicon and becomes dkformed during pulling, the 
level position 1 in the crucible can bejcontrolled with high accuracy.! , 

i r i i i fill ! I 



according to the present invention-*s- 
addition propriety judging means to 
judge trie 1 propriety of adding the ! adjustment valuJto the crucible ascent speed, based 
on a' dimeter if a pulling crysUlj a| level position measured jby the level position 



! r6022] An apparatus for pulling a single crystal (2) 

* i i j I ' 1 i I t j * ' ■ ! 

1 c hnmotorizsd - by compririnc an adjustment value 



measuring 1 means, a distance between jthe 



it, ( r i 

crystal and the reference reflector, and a 



crucible relational speed in the apparatus for pulling a single crystal (1). 

m : L- : • ' ■ i ! = ■ I I ! : " 



. i , v. | ! ■ -tKiW ' •■■!!■■ i 
[06231*- UsiAg Jthe above apparatus for pulling ;a single 



adjustment value should be added to ifte crucible ascent 

• ' ! 1 ! i ■ . ! • 



i i 



crystal (2), whether the 

i t 

speed or not is judged by the 



A 



I I 

ues thereof for judgement / 



Adjustment value addition propriety judging means, based on the diameter of a pulling 
crystal,' the level position measured by the level; position measuring means, the distance 
between the crystal and the reference Elector, and the crucible rotational speed. These 
Hemsai^hief^ the inclination of the melt surface in the process 

of single'crystal pulling. ^situation where the selected va 

are not satisfied under pulling conditioris^^hat the inclinarion:of the melt surface 
! is not suitable forj measuring the level position, and that thej measurement: result is 
Significantly affected by the inclination! of the melt sfrfaee. case, the adjustment 

'value calculated from the level position measuring hieans is not acided to the crucible 
lascent speed'. Furthermore, even whjn there is| suchja problemjin riaeasuring the actual 
level position by detecting the mirror image position of the reference reflector reflected 

the apparatus body, the 



/ 



1/ 



in the melt 1 surface using the optical device arranged outside 

control wherein L i level position | in the crucible is controlled by calculating the 
crucible lascent spied based on the decrease in volume of the melt with single crystal 
pulling io as to control the lifting means is carried out. As a result, the influence of not 
adding the adjustment value to the crjicible ascent speed on the level position change 
can be kept |to a minimum. 

i '"It! 

• : j ■ t ; • ! i \ ■ 

[0024] An' apparatus for pulling a single crystal (3) according to the present invention « 
-^ct^My comprising an averaging means to average level positions measured by 



the level position measuring means in the apparatus for pulling a single crystal (1) or 
(2). 




I t 



[0025] Hsing Uiu above apparatus for pulling a single crystal 
the effect of fluctuation of the melt surface. Another factor of errors in measuring the 
actual level position by detecting the mirror image position: of the reference reflector 
reflected in thel melt surface using the optical device arranjged ; outside the apparatus 
body U the fluctuation of the melt s|urface.;The fluctuation of the melt surface during 
'measurement causes variations in ! measurement. The effect of the| fluctuation of the melt 



i ; 

(3), lit is possible tojs^ect 



surface can; be! rejeeted by the actio* of the averaging 



means to average the level 



I . i. ;j i! ! I : ' ; : i . 

positions measured; by the level position measuring means. It 



is desired that a period of 



lime for averaging should be set in the range of jl to 30 minutes or so. 

I ■ ■ : ; i i ! : • . : : ! : ! •■ 1 



to the present invention is- 



J0026] An apparatus for pulling a single crystal! (4) according 

Uaraotcrizcd by tr^optic'al device constituting the level position measuring means v 
being also used as an optical device for measuring a crys 
apparatus for pulling & single crystal (l)-(A). 



i i 



83 




al 



diameter in any of the 



crystal (4), the cost of 
be held down by using the 



[0027] #sing "thc-abeve- apparatus for pulling a single 

A, ' t . A - ; f J ! ' i 

manufacturing an apparatus for pulling a single crystal can 

optical device constituting the level position measuring means, as the optical device for 

j j . ! i j 

measuring a crystal diameter. i ; ' ' ' 



[0028] An apparatus for pulling a single crystal (5) According to the present invention -is- 
C ffia?rori Z od by 'comprising an automatic updating means to work out a conversion 



equation tor converting a mirror im'age position of the reference reflector on the melt 
surface to an actual level position by j automatically moving the crucible up and down 
from the initial position thereof, to^jbtatntfie relationship between the mirror image 



position of the reference reflector oh the melt| surface and the level position and making 
the relationship approximate to a straight hne in any of the apparatus for pulling ^single 

crystal (l)-(4). 

i 1 i I i ; i 



i 



[0029] Variations in. the setting position 1 of the optical device for detecting the; mirror 
image Ipbsuion Lf the reference' reflector Lid trie setting position of the reference 
reflector jare alio factors of measurement errors in relation to the level position 
measurement. If the setting situations therebf do | not change, it might be! possible to 
accurately calculate the level position fromithe mirror image position of the reference 

, .... i ! ; ; ' ! I • 



reflector 'based on a conversion equation wbrkedjout from the geometric arrangement 
beforehand/but 1 factually difficult. Therefore,; a conversion equation cjf the mirror 
image position ! of the reference reflector to the level position in the actual setting 



situations is required. Using the above apparatus for pulling ^single crystal (5), having 
the automatic updating means to automate thej activity of working out the conversion 
equation, 1 it [is possible to automatically find jthe conversion equation before crystal 
pulling rising the automatic updating means. 



1 1 



BRIEF DESCRIPTION OF THE DRAWINGS 



1; is a diagrammatic sectional view showing an apparatus for pulling a single 



[0030] Fig. 

crystal according to an embodiment of the present invention; 



i ; ! 



I 



i f ! i ! -i i 1 i 1 1 1 i 

[0031] Fig.!2 is a flow chart showing the operation of a level 



position controlling means 



in the apparatus for pulling a single cry stal according to the embodiment; 



[0032] Fig 1 . 3 is a diagrammatic sectional view showing a 
pulling a single crystal; and ; | 1 ■ 



I ! 



i i 



conventional apparatus for 



[0033] Figs 4(a) j»(d) are partial enlarged front views diagrimmatically showing a seed 
crystal and ihe vicinity thereof in part of the steps in pulling a single crystal, j 

. ■ : j i ■ i ' ; i ' ! ! 1 ; 

: ■ ■ . i ; 1 - j • ' ' ; I . i i ! 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 



l ! 



[0034] • The preferred embodiments! of the apparatus for pulling ^single crystal 
according to the present invention are| described below by rrfekence to jhese- Figures. 

/ Fig 1 is a diagrammatic sectional view of an apparatus for pulling a single crystal 
according to anj embodiment, and in the figure, reference j numeral 21 represents a 
crucible which is vertically movable. The crucible 21 comprises a bottomed cylindrical 
quartz crucible 21a and a bottomed cylindrical graphite crucible 21b fitted on the outer 



side of the quartz crucible 21a. The crucible 21 is supportejd with a support shaft 28 
which rotates in' the direction shown |by the arrow A in the ^gure' at a prescribed speed. 
A heater 22 of a resistance heating typfcand a heat insulating mold 27 arranged around 




the heater 22 ; are Concentrically arranged around the crucible 21. The crucible 21 is 
iharged with a melt 23 of a material for ; forming a crystal which 1 is melted by the heater 
1 I .. . .-«: — shaft 24 made! of a pulling rod or 

i t i 



22. Oh the central 

i . . : ; ! : |- j ! 

wire is suspended, 



axis of the crucible 21, a pulling 



and at the front thereof, a keed crystal 35 is held by a holder 24a. 



These members are arranged within a water cooled type apparatus body 29 wherein 

t < I i r I ... I 



pressure can be controlled. 

I 1 Mi' 



[0035] A window 29a is formed in the middle portion in thej height direction of the 
apparatus body 29. Above the window 29a iri a slanting direction;, a one-dimensional 
CCD camera 11 i J arranged in such a position that a smglecrystal 36 ^nng pulling can 

t I ' ' ' , ' 
! i 1 . {* « «> ' • i r»r»rx 1 1 \ o /-»r\r» fr#»H 



be seen through the window 29a4id the one-dimensional CCD camera 11 is connected 
to both a' diameter measuring means 8 Of the single crystal 36 and a level position 
measuring means 13. The one-dimensional; CCD camera 11 has the function of 
measuring 'a diameter of the single crystal 36! as well as the function of measuring the 

1 : 1 ■ h 1 i Mi' i 1 

level! position of the melt 23.; In the measurement 

i i i ■ i 



of 



the level position, a 



two-dimensional CCD camera can be adopted in place of the one-dimensional CCD 
camera 11. Another CCD camera specifically for measuring the level position can be 
placed b'esidei the one-dimensional CCD camera 11 for the diameter measuring means 

, I ! I ' ' > ! ! 1 I 

8: 



t i 



, a 



r0036l Above the crucible 21 within the apparatus body 29 

' I ■ i I I | ! . . : . I j i ■ ! ! I . 

detecting the: level position is arranged, which also serves 

control the 'thermal history of the pMed sing'le crystal 36. The reference reflector 12 is 

. . ; i i 1 i i t 1 ■ ! j | t 

the -single crystal 36. It is 
also poskble to use the reference reflector 12| separate^/ from a radiation screen. 



reference reflector 12 for 

i , i i 

as a radiation screen to 



i , i 

! 1 



[0037] The one-dimensional CCD] camera U is connected to the diameter measuring 
means 8, 1 Which is connected to a \ crucible ascent speed calculating means ,9. The 
crucible ascent |speed calculating means 9 captures an input value from the diameter 
measuring means 8 of the pulled singh* crystal 36 ! and infomjation on the pulled length 

i 1 ' \ 11 

' 10 ! 




from a pulling means 5 of the pulling 



shaft 24 to calculate a decrease in volume of the 

; ; : ; j - ! ; , 

melt within the crucible 21, so as to calculate an ascent speed of the crucible 21 based 

..:!!■ 1 * ■ 

on the decrease in volume of the melt.; i , ; 



f 0038] Besides the diameter measuring means 8, the level position measuring means 13 
'is also connected to the one-dimensional CCD;camera 11. The tevdj position measuring 
means \i receiveslan output; from the Jne-dimbnsional CCD camera 11 to calculate the 
level position from me mirror image; position jof the reference reflector 12 reflected in 
the melt 'surface 23a of the melt 23! To| the leyel position measuring means 13, both an 
averaging means U and an automatic Updating means 18 are connected. The averaging 
means 14 receives an output from the level position measuring means 13 to average the 
measured v|alues in a prescribed period' of We, which is desirable to be set iri the range 



! ! I i 



of 1 to 30 minutes or so. 



i i ; 



i i 



i ! 



12 on the 



[0039] The I automatic updating nidaris 18 is used for automatically working out a 
conversion' equation for converting' the minx* image position of tlie reference reflector 
melt surface 23 a to the 1 actual level position by automatically moving the 

F I 1 > ' j 1 ' I 

crucible 21 up and down from the 1 initial position thereof to obtain the relationship 

reference reflector 12 on the melt surface 23 a 
relationship approximate to a straight line. 



between the mirror image position of the 

! ! ■ i j j • : • I : i ' : ; 

and the level position and making the 



Variatiorisl in the setting position of the one-dimensional CCD camera 11 for detecting 
the inirroJ image position of the reference reflector. 12 and the setting position of the 
refeienci reflectbr 12 are also factors j0 f measurement errors m the level position 

the setting, situations thereof do not change, it! might bejpossible to 



measurement. If 



Mm 



calculate the level position from the mirror image position 

i , . i ■ . t ; ! I I ■ . . ■ 1 i ! 1 ■ i I!. 



of 



the ireference reflector 12 



based on a j conversion equation woyked out from dje geometric arrangement, beforehand, 
butjlf is IcLally difficult. Therefore, a convejrsion equation of thelmirror image position 

of 'the Inference reflector 12 to the' level position in the actual setting situations is 

. : • , ! j | , : I ! • : ■ i I ! ! i i 1 1 1 

obtained by the automatic updating means 18. 

■ ' ■ • ' ! i I ■ 

; I f 



r . r 

! i 



t I I 



11 



I 



i t 





[0040] In the present embodiment, the level position j is actually changed by moving the 
crucible 21! up and down after the melting I of a 'material for forming a crystal is 

' • ' ' ! | ' ' Ijl-: I , I | ! 

completed and the initial level position becomes stable, and a conversion equation is 

i i 1 ; I ■ 1 j : ■ i 1 

obtained by making the relationship between the mirror image position of the; reference 

reflector 12 and the level* position approximate to a straight line using the 'automatic 

updating means 18. It is desired that the ascent/descent range of the crucible 21 at that 

' • : 1 1 • i ' I ■ -.-I ■ 

time should be set' to be ±5 mm to the initial position. 



[0041] A crucible ascent speed adjustment value calculating means 15 is connected to 
the Lveragiiig ; means 14. By the crucible ascent speed adjustment value calculating 
means 15, an adjustment value for adjusting the control error of the melt position which 

i ^ ■ beta ; j I ,1 I . , L , ^_ 



speed calculated in the 



arises in the case of the control^baled on a crucible ascent 

crucible^ ascent sp'eed calculating meaJs 9 is calculated. How to calculate the adjustment 

. ■ ; i ( ; ; ! ' I ; . , . I i 1 I ■ I 

value is that after the measured value; of the level position ; at 

1 ! ill I I . ! I 



I ' 1 ' * 

judged tip be able 



the first point; when it is 

i . i ■! • 

to be added by a below-described; adjustment value addition propriety 
judging | means l6,is set to be the! initial, position, an adjustment value of the crucible 

ascent speed is calculated by calculating the level position; shifted from; the initial 

. I ;! :■!.!! ' ' : " ' 

position.^ 

' ' ! ' " ' ' * j ■ f ' i ' 1 : ; • i 

if 1 ! : ; f i j ! -■ i ' ! 1 ijl''! ' ! » ! -flyB— 1 

' [0042] ^The adjustment value addition propriety judging means 16 to judge irregularity 

. ; ; j ; , ! ; j I ■ i , : : ■ ; ' . ■ ' j i ; i t ■ j 1.1 



in measuring! the level position is jconnectecl to the cruci 3le| ascent speed : adjustment 

value cLlculaling means 15. The Jriteria for judgement in j tie adjustment value Addition 

; • - j | r | j j* I ■ | i i , 1 1 i : > | j '■. \ \ | ■ ' j I ' 
propriety judging means 16 are: the ~ J , —'-™ u 



upper and lower limits) of a crystal diameter are 
within 'the jrange of 1 ±2 mm to a 'desired diameter of a main body 36c of the single 

* i > I' i i I i ' ' ' ' ' ; j ; ; j j t I ; } ' j 

crystal 36;j the upper and lower Uiriits of thej level position are within the range of ±5 
mm' to the linitial value of the level iposition; the lower limit of the distance between the 
single ciystal 36 and the reference reflector 12 is 22 mm; and the upper and lower limits 



of the 



rptatibnal speed of the crucible: 21 



rotational speed 



are within the range of ±10 rpm to the 



of the crucible 21 at the starting point of pulling the main body 36c of 

•III: ' | I i ■ | ^ j j , 1 

the 1 single ! crystal 36. When these conditions are not satisfied, the adjustment value 

I & ! . ' ' i I i 



12 



calculated in the crucible ascent speed adjustment value calculating means ; 15 is not 
allowed tblbe added to the ascent speed of the crucible 21 calculated in the crucible 

i | " ' j i , I | ' '< 1 I I j 

ascent speed calculating means 9 by an adjustment value adding means 17. 



i i 





l/ 



[0043] fir the settings of tlie present embodiment, the above 

crystil diametir d'o not satisfy the Condition of within the range of j ±2 mm to a desired 



upper and lower limits of jt^*- S 



i i 1 



diameter bf jthe m'ain body 36c of the single ciystal 36 during^pulling^a shoulder 36b of 

36. Therefore, the level position control is performed based on the 

' 1 ^ ^ ' i ! ' 

crucible 1 ascent' speed calculated in the ! crucible ascent speed calculating means 9. 
However! trie shoulder 36b of the single crystal 36 is very small in volume,, so that the 



the single [crystal 



control error of the level position thereby can be kept in a very 



i i 



i ! t 



small range. 



[0044] According to the above construction, in the apparatus for pulling a single crystal 



\ 



according! to jthe! embodiment, twb systems of controlling the level position ;during 
pulling jungle c'rystal 36, a crucible ascent speed based or. a decrease in volume of the 
melt 23 with puliing .the single crystal 36 and an output from the 'crucible ascent speed 
adjustment; value 1 calculating means 15 based on the measurement result of the level 
position measured from the mirrbr! image position of the reference reflector 12, on the 

p t i ' 'iii 

F I 1 * 

melt surface 23 a, are included. 



i i 



i i ; 

[0045] In the apparatus for pulling a single crystal according to the embodiment, as one 
system; the level position is controllek by calculating the ascent speed of the crucible 21 
from both the measured value of the crystal diameter of the single crystal 36 and the 
pulling speed thereof. The crucib'lej ascent speed : is calculated based on the below 

! . , I 

equation 

!p s /D cur 2 PL) X (Vsi-V cur );+V ( 



V f = (D* 



I . ! 



cur 



where V f : crucible ascent speed 



! . i 



! t 



i ; 1 i 

P s : specific gravity of solid silicon 

I ■ f f ; ■ i ; . 

Pl: specific gravity of liquid silicon 

; I 
; ; 13 



(1) 



I I 



1 < 



I t 



Da: crystal diameter ; 

D cur :J quartz crucible internal diameter 

* > t < i 

Vsit crystal pulling speed i ; , 

■ : ' 1 1 ^ 

V cur : preceding crucible ascent speed 



■ ' i ; : ' 1 I 

[0046] Thus, an accurate value of the internal diameter of the quartz crucible 21a is 




required: fori calculating the crucible ascent speed. However, in some cases, the quartz 



crucible; 21a softens'about the melting point iof silicon and becomes deformed during 
pulling. | Therefore, in the apparatus for pulling a single crystal according to the 
embodiment, the level position is measured from the mirror image position on the melt 

! * '■ | . I : ■ 1 • i ! I 

surface 23a; of the reference reflector 12 arranged inside the apparatus body 29, and the 
control error in the level position control based on the crucible ascent speed calculated 
from 1 the! decrease of the melt 23 is calculated. Then, an adjustment value of the ascent 
speed of ' the crucible 21 is calculated from the calculated control error and is added to 

, ! ' 1 ' 1 j ' ' ! ' j 1 I I I I I ' ' 

the crucible ascent speed, so that 1 the level position is controlled thereby with higher 
accuracy. The crucible, ascent speed adjustment value is calculated based on the below 



i i 



equation (2). 



I . i 



t * 



< i 



i 1 



(mm/min) = V f (mm/min) + V a dj (mm/mm) 



dj f IS A V a(8 (i) 



i i 



] i 



▼ a 

t 1 i i 
J_l 



! ! 

1 1 



A'Vidj 0) = P X {Hi (mm) H Hj_i (mm)} 



+ 1 X 



+ D ; X (Hi (mm) \ — 2H|_i (mm) + Hi 2 (mm)} 



.1 1 1 1 



(2) 



{Hi (mm) - H6 (mm)} 



where V: crucible ascent speed! after adjusting level position change 

: ; ; : ! I j i ; 

V fld i: crucible ascent speed adjustment value 

Vf: crucible ascent speed 

: i ■ . > ' i ! 

Ho: reference level position 
I • • ■ ! | i 

Hi: ith measured value of level position 



» t t 



ill 



p, 



i i 



L D: control constisuits ; 

■ i ' j ' ; 1 

Ps: specific gravity of solid silicon 
PL: specific gravity of licpid silicon 



14 



/ 





[0047] However, in some cases, errors are introduced to the level position measurement 



from the minor image position of the; reference reflector 12 on the melt surface 23 a. The 
prime causejof the measurement errors is^inclination of the melt surface 23a. : When the 



inclination; of the melt surface 23a changes during measurement, the mirror image 

i . i . : i ■ ■ : | ! i I | . • I ' : 

position of the reference reflector 12 reflected in the melt surface 23a changes, resulting 

in an error in measuring the level position, the inclination of the melt surface 23a is 

I , I , ■ [ .; 1 

' I 1 i ! . J t i 

varied by two factors. > ; ; • : 



i i 



-tU- 



[0048] the j first factor is the surface ! tension caused by the- pulling a single crystal 36. 
During crystal pulling, the melt surface 23a is lifted by the surface tension and becomes 



inclined. The melt surface 23a closer to the single crystal 36 is more inclined, while the 



* 1 

the mirror image position of the 



melt surface 23a farther from the single crystal 36 is less inclined. Therefore, the larger 
the crystal j diameter becomes, the^ more greatly 



reference reflector 12 during crystal pulling is influenced by the inclination of the melt 



surface 23a; Here, the inclination of the melt! surface 23a on the same melt surface 23a 



does not change 



when the distance between the single crystal 36 and the reference 



reflector: 12 is fixed. Therefore, the measurement <brror of the level position caused by 



the change of the inclination of the melt surface 23a during crystal pulling is influenced 

i 1 i l i I I ; 



by the change of the crystal diameter and the change of the crystal position during 



pulling! 1 



[0049] ; The second factor of changing the inclination of 



influence! of centrifugal force whicti arises with the rotation of thej crucible 21. Since the 



1 

the melt surface 23a is the 



meli 23 within the crucible 21 rotates with the rotation of the crucible 21, the melt 23 is 

pushed to ;the outer regions by the centrifugal force, leading to, the inclination of the 

melt surface ^23a. Since the inclination is chiefly determiried by the rotational speed of 
» • ; m i j I I i i . i ; i ■ 

; the melt 23, the inclination of the!melt;23a' changes with the change of the rotational 

! i i | f f 1 < \ i [ ■ ; 1 : 

speed ! 6f the crucible 21 during pulling, so that' the mirror image position of the 

reference reflector 12 also changes; i 

ft 

• • ' ; 1 ' ; 

; 15 
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[0050] Therefore; in the adjustment value addition; propriety judging means 16 of the 

ascent speed of the crucible 21 of the apparatus according to the embodiment, whether 

■ i ' I • i i i ' I i i 

adding the adjustment value is right or not is judged based on the selected; upper and 

lower limits of thb crystal diameter, the upper and lower limits of the level position, the 
i • • t • 1 i i , 

i selected lower limit of the distance between the single crystal 36 and the reference 

the rotational spieed of the 



reflector 12, and the selected upper and lower limits of 

■ . ' " i | : I ; ! ■ ' ! i 

crucible 21, which are factors of changing the inclination 



of the melt 23 a, so that the 
measurement error caused by the change of the inclination of the melt 23a A beG©me*r 
below allowance. 

rOOSll Another factor of errors in relation to the measurement of the level position is 

, : : i ■ I i ! ' ! i I ' 

fluctuation I of the melt surface 23 a. When the melt surface 23a fluctuates during 



measurement, variations in measurement! are caused. The influence of the fluctuation of 



the melt surface 



negate i 

' — i?©joctcd 



average the measured values of the level positions. It is appropriate that the period of 



i « « 



time for averaging should be set in the range of 1 to 30 minutes or so. 



11 ■ i I i i ; 

[0052] Variations in the setting position of the one-dimensional CCD camera 1 1 for 

! ; j i j ; i ! | ; i • t I ■ I J I I . . ■ 

detecting the 'mirror image position of the reference reflector 12 and the setting position 



i i 1 



of the reference reflector 12 are also factors of measurement errors in relation to the 



level position measurement. If the |setting situations thereof do not change, 1 it might be 



! ! I 



i 



possible to uniformly calculate the level position from the mirror image position of the 

T < • i ; I ! ; ; | : ! ; i | : . | . j | . ' j ' ! ' j 

reference reflector 12 based on a conversion equation worked out from the geometric 

= i I : i I : ^ ! ! ! ; s i ! 1 * i ■! . ! : . 

arrangement beforehand, but 4t* is; actually difficult. Therefore, a conversion 1 equation ot 

, |M' ; | ' ! i i i j I - ■ ' I -i I 1 

the mirror image position of the reference reflector 12 to the level position in the actual 
setting situations of the one-dimensional CCD camera 1 1 and the reference reflector 1 2 
is required.* The' conversion equation can bej obtained by moving the crucible 21 up and 



i 1 ^3^' i III' ' 

down Itoj change the level position. Jtfsing the apparatus for pulling a single crystal 



according; to the embodiment, haVing the automatic updating means 18 to automate the 
activity of working out the con version, equation, it is possible to automatically find the 

; . : j 

16 ' 




conversion 
means 18. 




'equation before pulling the single! crystal 36 using i the. automatic updating 



[0053] Since' the reference reflector 12 is a structure above and in the proximity of the 
melt surface- 23a, it needs to be made ! of a material which does not contaminate the melt 
23 arid can 'endure high temperatures: As a component of the reference reflector 12, 

''1,1 ■ iiii It ' 



carbon can 



i i 

a radiation! screen 1 can be ensured to be above the selected 
between| trie single crystal 36 and the reference reflector 12, 
controliin J the thermal history of the single crystal 36 can|befSiolused as the reference 

'. ! 'it i I 

i t I 

■ I ' : , : 

reflector 12; 

1 ■ 

[0054] Xs' an optical device for measuring the mirror image jposition of the reference 
reflector 12, a normal two-dimensional CCD camera, one-dimensional CCD camera, or 
the like can be used. When the crystal- diameter is measured during crystal pulling using 
Ime'one^imensidnal CCD camera 11 and ! the; reference reflector 12 is placed within the 
field of view of tiie measurement, the one-dimensional CCD c'amera 11 for measuring a 
' crystal diameter can|beja3So] used aitbat for measuring the level position, if the distance 
between 1 the single crystal 36 and the reference reflector 12 is ensured to be above the 
selected lower limit thereof. 



be exemplified, in addition! if the distance between the single crystal 36 and 



i I 



lower limit of the distance 



the! radiation 



screen for 



i i 



[0055] 1 The operation' of the level jposition controlling means 20 of the apparatus for 
pulhng a single crystal according to the embodiment is described! below by reference to 
the fiow chart shown in Fig. 2. 



I ! 



r00561 ixi Stkp 1, whether the melting of the material for forming a crystal is completed 
or not is judged'. When the melting of the material for forming a, crystal is judged^to be 
^«et completed in SI, me jn^Twaits for the completion of the melting thireof. On the 
other island j when the melting of the material for forming a crystal is judged to be 
completed, the 'operation proceeds to Step 2 wherein the crucible 21 is caused to move 

' • : • i ' . * | | . ! 

: t i 

17 : 



, ' -rU^ process, 

up and down within the range of ±5 mm to the initial position. Then^it-goes to Step 3^ 

wherein a conversion equation of the mirror image position j to the level position is 



obtained from the change of the mirror image position of the reference reflector 12 with 



the asceht/ilescent of the crucible 21; 



i t 



•LL 



[0057] After the conversion equation is obtained, pulling^ d single crystal 36 is started 
(£tep^). Witli the start of pulling,; measured 'values of the pulling speed of the pulling 

;rvstal diameter are captured -<Step-5), and the ascent speed of the 



A- 



St* 

/ 



l I 



y 



level position is calculated from the mirror image position on the melt surface 23a of the 
reflector 12 placed inside the apparatus body 29 ( Step 7) , 

■ ; : ! ; | i irt s*£«CSfc) 

calculated values of the level positions £Stop 8) , and a 



reference 



conducted 



value of the ascent speed of the crucible 21 is calculated from the averaged measured 
valuis based oh the equation (2) j 



i ! 



adjustment 



/ 



rb0581 The operation proceeds to Step 10, wherem the 

• ; | • ; ! j | I i I : • ! ! <S?T A ' ' 

adjustment; value calculated in Step 9 to. the 

. i : I j i | . I i ' \ 

The judgement is carried out based; on whether or not the upper and lower limits of the 



propriety of ; adding the 

i ' ' 1 

ascent speed of the crucible 21 is judged. 



crystal diameter 'are within the range of ±2 mm to a desired diameter of the main body 



36c the upper and lower limits of the level position are within the range of ■ ±5 mm to 

• 1 I ■ I III.' i I '■ | ! j i 

the initial level position, the lower 1 limit of ;the distance between the single crystal 36 
and' the reference reflector 12 is 22 mm] and the upper and lower limits of the crucible 

i \ i t . i ! ..i II i 



I t 



are within the range of ;± 10 rpm to the crucible jrotational speed at the 



rotational speed 

4 | t I 

early stage of forming the main body 36c. i When adding the adjustment yalue to the 
ascent speed of! the crucible 21 is judged to be riglt in Step 10' the operation goes to 
Steo 11 wherein adding the adjustment value is conducted, and then, the ascent speed 

v / ' ; I ■ ' | I j | 'in "ST'e I2-(SI2.) 

of the crucible 21 is controlled based on the adjusted value (Step42). On the other hand, 

' ■ 1 ! I I i . ; i i | i • 

when adding the adjustment value to the ascent speed of the crucible 21 is judged to be 

wrong in Step 10, it - bypasses Step lljed goes to Step \% wherein the ascent speed of 



the crucible 21 is controlled based on tjie value calculated 
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in Step 6^ 



1* 



[0059] Jitf sing the apparatus for pulling a single crystal according to the embodiment, it 
is possible to control the level position in the crucible 21 by the level position 

■ ' 1 , i ; ' i iiii) i It" ' 

controlling means 20, which calculates the crucible, ascent speed based on a decrease in 

; i i j [ . ■ ~f(^ ' e& +U- : ! I r ! ! I : I i . ! ! 

the melt volume with pulling d\ single crystal 36 so as to control a motor 10 for crucible 

■ i i : i i ■ " ; i j ! i I : ! 



lifting Furthermorer^sing the apparatus for pulling a single crystal according to the 

I I A ' ' ' 1 1 ' ' 



I • I 



controls the crucible ascent 



embodiment, ; having the reference' refiebtor! 12, level position measuring i means 13, 
crucible ascent speed adjustment value ; calculating means 15, and adjustment value 

i | | i i ; ■ j J | | | I j , i j | i 

adding meins 17, the level position controlling means 20 

; : • j ; ; | : j J 1 ■ : - i i ' 

speed by j controlling the motor 10 for crucible lifting based on an output from the 

adjustment; value adding means 17. As a resiilt, even if this quartz crucible 21a softens^ 

about the melting point of silicon and becomes j deformed jduring pulling, the level 

position iii the quartz crucible 21a can be controlled with highdi/ accuracy. ; 



I ! 



[0060] JJsing the apparatus for pulling a single crystal according to the embodiment, the 

. . / i - . | ■ i ] , j I ; | i j 

adjustment value addition propriety judging means 16 judges whether j adding the 
adjustment value to the crucible ascent speed is appropriate or not based on the crystal 



i i 



diametei- of the| pulling single crystal 36, the level position measured by the level 



i i 



position; measuring means 13, the distance between the single crystal 36 and the 
reflector 12, and the crucible rotational speed. These items are A chie^y factors 



reference 



of determining the inclination of the melt surface :23a in the apparatus for pulling a 



single crystal. Therefore, the situation where the selected 

1 1 i |Vldv<tqt<LS ' 



i t 



values thereof for judgement 



are riot met under pulling conditions means that the inclination of the melt surface 23a is 

( ,.H r '-> D I A, ■ - , i . , , , I . i I i 



i t i i i : iiitW respect { , . ■ . , , . 

not adequate td the level position measurement, and that the measurement result is 



i-XY 



significantly! influenced by the inclination of the melt surface :23a. In^that case, the 

i I i 111 , i , ' I I I . ; 



adjustment value calculated from the level position measuring means 13 is not added to 

! I i ; ' ' " N |',! I I I I '! I i . 

the 1 crucible ascent speed. In addition, even;if there is such ai problem in measuring the 

; ; ■ ( ; ; ; . j , ; | _ j ; i • ; j j 1 ' ■ | j | ; 

actual! level position by detecting the mirror; image position of the reference reflector 12 

one-dimensional CCD camera! 11 arranged 



t ■ i 



reflected in the 



melt surface 23a using! the 

i I ! ■ . ' 
I i 



outside the apparatus body 29, the contro^wherein the level f position in the crucible 21 
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f 1 

i 




i is controlled by calculating the crucible ascent speed based on a decrease in the melt 

i . ■ ■ i • : J^lJ i _C^_ r t ; ; .(:...(! I j = . 

volume With pulling a-single crystal 36 so as to control the motor 10 for crucible lifting 

that the influence on the ) level position change can be! kept to a 



is conducted, so 

' ■ ' j ' ' 1 
minimum. 



! 

i 

' I 
! i 



. ( 



[0061] J^sirig the apparatus for pulling a single crystal according to the embodiment, it 
is possible to r^eei the influence of fluctuation of tlie melt surface 23a. Since the mirror 



A ' ! ' * ! ! i i 

image position of the reference reflector 12 reflected in the melt surface 23a: is detected 

using the one-dimensional CCD camera 111 arranged outside the apparatus bpdy 29, 

another factor of errorrf in the level position measurement j wherein the actual level 

i . ! i I : I i / ! i ■ « i | ; ■ I ! | 

position is measured is the fluctuation of the melt surface 23a. The fluctuation of the 

measured values; The effect 



i < 



melt surface 23a during measurement causes variations in 

on of the melt surface 23a is-fejeeted by 



i ! 



the action of the averaging 



means 14 to Average the level positions measured by the level position measuring means 
13. 



> : I 



B 



[0062] losing the apparatus for pulling a single crystal according to the embodiment, 



whbrein the one-dimehsional CCD! camera ill constituting the level position measuring 
means ! 13 is! also used as a onc - climen&iuual CCD came r a 11 for measuring a crystal 



t : ! 



diameter,; the cost of manufacturing the apparatus for pulling a single crystal can be held 



down. 1 In addition, b using the apparatus for pulling a single crystal according to the 

ii 1 1 ' 



embodiment; having the automatic updating means 1 18 



■ ■ ! ' 

forking 

f ; » j 

reflector 

i i 



updating 



out a 

12!in 



to 



conversion equation of the mirror image 



the actually placed i s ituation , to 

I \ \ ^ ' i 

'automatically find the conversion! equation; before crystal pulling using the automatic 



automate the activity of 

i i i 

position of the reference 



the Jlevel position, it is ; possible to 



means 18. 



■ i 



EXAMPLES AND COMPARATIVE EXAMPLES 



! i 



[0063] ;An example of the level position control actually 

' i i ! lit 



20 



conducted using an A apparatus 



. i I . ; 



1 1 



I 1 



for pullingU single crystal according to an cxcjmplo of the present invention is described 



! 1 1 



i 1 



Apparatus for pulling a singles crysta^ au uuidiiiE to Example* apparatujs shown in 



; ' ' \ I I i ' I ' /' I • ! * 



Internal diameter of crucible 21: 22 inches • 

ill 1 * . ; ! ! *! i -> 



Weight of material for forming a single! crystal: 100 kg « 



■ i i | i 1 - T*vcL. : t i i 1 ! | i 1 

Mean diameter of single crystal 13 6: 8 inches ■ ; 
Distance between ^reference ! reflector 12 andjmain tody 36c o^ single; crystal 36: 

• , i i ■ * ! ; i i t ■ : 



22 mm or more • 



Period of time for averaging in averaging means 14: 10 minutes ' } 

!! ! ! I , j • ; • -rk.S< : I I : I.I.', t£ 

Criteria for judgement in adjustment value addition propriety judging means lo 



! I . M ! : the 1 upper and lower limits iof the crystal diameter are within the range of 

■ i ; '■ i 1 ; i 1 ' • i ' ! ' ' 

±2 mm to 'a desired diameter of the main body 36c, 

i^i I ' t 1 ' 

■ ■.!.:: ; ' ■ I ' I I 



I ; 1 



: the upper and lower 
5 mm to the initial level position, 
' . ! :' the lower limit of 



limits of the level position are within the range of 



' I ■ ! ; ! ! 

the distance between the single crystal 36 and the 



reference reflector 12 is 22 mm, and 
' I 1 * i 

S : the upper and lower limits of the crucible rotational speed are within the 



range of i± 10 rpm to the crucible rotational speed 



body 36c. ; 



at an early 



stage of forming the main 



jtomatic updating means 18 



[00641 The conversion equation was obtained by the a 
whereby 

down after the melting of the material was finished and the initial level position was set, 

i i ■ i i ! ! i ■ • ' * • M. j : ; i - • ! I' l 

and the! relationship between the nurror image position ot 



the level position was actually changed by moving the crucible 21; up and 

» . . I ■ . . Ml!' i T 1 • ' ' I ■ 



the reference reflector 12 and 



the level 'position was made approximate toja straight line. The ascent/descent range of 

' ■ ' I • | | 1 I 1 : I ' 1 I ■ : ■ ' I ' I ' ! ' 

1 the crucible 21 at that time was set' within the range of ±5 mm to the initial position. 
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[0065]- In the settings of the Example, since the condition 



of 



the upper and! lower limits 



of the crystal diameter was not satisfied during pulling the shoulder 36b, the level 

I ' i i I * » 



position control was conducted based on the output from the crucible ascent speed 
calculating means 9. However, the shoulder 36b was very small in volume,; so that the 

; ■<!; i | . • • : ! . : : ! » 

error in controlling the level position was very small. 
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[0066] In the Example, it could be, confirmed that it was possible to control the level 



i i 



position during pulling the single {crystal 36 

, .III ' ■ • i l : i 

level position. 
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I, 



within the range 



22 



of ± 1 mm to the initial 



ABSTRACT OF THE DISCLOSURE 



i r 



The present invention wag achieved in order to provid e an apparatus f or pulling a 



1 r i 



tlo. 



! : . 1 j 1 1 s ; ; j ; 1 T *c * i ; a~ t 

single crystal ■ wherein a flow of ah inert gas to ^single crystal to be grown^ressure in 

iiiii'tt I'. 1 * [ r 1 1 , h 1 



I 1 

an apparatus body, and a 'temperature environment are always 



between j batches 



1 1 

kept constant by keeping 



4he melt level at a prescribed position ;in spitei of changes in volume of a quartz crucible 

' ' ; . ; ' I I j . 1 1 I ' ■ ' < ; i 

and thermal deformation of the quartz crucible, so that high quality 

1 1 \ * ! 

single crystals can be pulled/, comprising a reference reflector arranged inside an 
apparatus body, a level position measuring^meafts. to measure an actual level position by 

(,(1 r I 1 I t ' ] j ' ; 1 ■ 

detecting a mirror image position of the reference reflector reflected in the melt surface 

. ; : . 1 1" j ■ . i ■ : . 1 1 1 . 1 . : \ ; 

using a one-dimensional CCD camera arranged outside the apparatus body, a crucible 

I . i < ( i , * 1 ' 1 1 

;■!,;■[ \ ' ! u-vrT | . ' ; 

ascent speeid adjustment value calculating means to calculate an adjustment value of the 

t 1 * i ^ 1 1 1 1 *, . . 

; . i , ■ ; I ; j i : 1 ' j . ' I ! - 

crucible ascent speed based on an output from the level position measuring ^meairs, an 

I ' I I ' I ' A I.I I ! I 

adjustment value! adding mean s to|add the adjustment value to the crucible ascent speed, 
and; a level position controlling ^meafts to control the level position in the crucible by 
controlling, a' motor for crucible lifting based on an output from the adjustment value 



1 ■ 1 



1 1 



» 1 



adding means to 



■ ■ 1 ■ ■ 1 1 

control the crucible ascent speed. 



